Two Allium species (A. akaka S.G. Gmelin and A. elburzense W.) native to Iran are used locally as the fresh vegetables and in medical therapy. They are not cultivated, but are collected from the wild, thus, will soon be threatened with extinction. In this study, the diversity of 15 wild accessions (4 accessions of A. elburzense endemic of Iran and 11 accessions of A. akaka) collected from the north-western part of Iran were evaluated with the use of 16 qualitative and 16 quantitative characteristics. The morphological characters with high heritability included leaf length, flower number in umbel, inflorescence diameter, leaf dry weight, bulb fresh weight, weight of 100 seeds, seed length and seed length/width. Results of the principal component analysis indicated that 92.52% of the observed variability was explained by the first six components. The first two components explained about 64.74% of the total observed variability. The first and third hierarchical cluster analysis included all accessions of A. akaka. The accessions of A. elburzense, except one, were placed in a separate cluster. These morphological descriptors can successfully apply for evaluating morphological diversity of Allium wild accessions and can help in horticultural usage.
INTRODUCTION
Genus Allium (Amaryllidaceae, subfamily Allioideae Herb., tribe Allieae) comprises more than 900 species worldwide (World Checklist of Selected Plant Families 2014) classified into 15 subgenera and 57 sections (Fritsch & Maroofi 2010; Fritsch & Abbasi 2013) . Only subgenus Amerallium Traub has a second center of diversity in North America (Friesen et al. 2006; Gurushidze et al. 2010 ). According to Fritsch and Maroofi (2010) , Allium is represented in Iran by 121 species. Thereafter several new species and subspecies from Allium were described and newly recorded for the Iranian territory (Razyfard et al. 2011; Fritsch & Abbasi 2013; Fritsch & Amini Rad 2013 , Akhavan et al. 2015 Aryakia et al. 2016) . Allium subg. Melanocrommyum (Webb & Berthel.) Rouy is one of the largest subgenera in the genus and comprises 170 species and subspecies, and is diverse in Southwest Asia, particularly in Iran and Turkey. Among the Iranian species of Allium, 76 species and subspecies are assigned to subgenus Melanocrommyum (Fritsch & Abbasi 2013) . According to the latest report (Fritsch & Abbasi 2013) , 24 taxa (23 species) have been placed in this subgenus. Many species of this section are endemic to Iran, although a few species occur in the neighboring countries as well. This botanically diverse genus of the Alliaceae family is a horticulturally important crop with a potential for different purposes, such as spices, vegetables, medicinal or ornamental usage (Fritsch & Abbasi 2013) . Two species (A. akaka S.G. Gmelin and A. elburzense W.) are known as 'Valak' in Iran and are used as fresh vegetables and 100 S. Jafari et al. ___________________________________________________________________________________________________________________ medical agents. These plants are not cultivated, but are collected from the wild. Their populations have declined drastically during recent years, and will soon be threatened with extinction (Akhavan et al. 2015) . To prevent the extinction of wild plant genotypes, ex situ conservation of germplasm resources was pioneered by Vavilov (1926) and nowadays, germplasm collections hold over 6 million crop plant accessions world-wide (Smykal et al. 2008) . The study of genetic diversity for both germplasm management and breeding has received much attention. Collection, conservation and subsequent characterization and assessment of Allium germplasm could produce beneficial knowledge about the extent and pattern of genetic diversity, developing an important database for the support of several objectives, such as agricultural management, phylogenetic and taxonomic classification, evolutionary and ecological studies or breeding programs (Aryakia et al. 2016) . Morphological descriptors are widely used in germplasm groups and remain the only legitimate marker type accepted by the international union for the protection of new cultivars of plants (UPOV). Morphological traits represent the action of numerous genes and thus contain high information value (Smykal et al. 2008) . For characterization and evaluating morphological diversity of Alliums, it is important to use descriptors with high heritability and stability. Given the constraints of descriptors and according to the required performance (Podgornik et al. 2010) , it might be necessary to use discriminative descriptors (Aryakia et al. 2016) .
The main objective of the present study was to prepare a collection of germplasms and to evaluate the morphological variation in 15 accessions of two Iranian edible Allium species, collected from origin sites to prevent their extinction.
MATERIAL AND METHODS

Plant material and field site description
Intact bulbs of two wild Allium species were collected from 15 natural regions of Iran (Table 1 ; Fig. 1 ). These species included A. akaka S.G. Gmel (11 accessions A1 -A11) and A. elburzense W. (4 accessions E1-E4) belonging to the Melanocrommyum subgenus and sections of Acanthoprason and Asteroprason, respectively. A total of 15 bulbs of each Allium accession were cultured in each plot (in three replicates) with distance of 0.2 × 0.3 m for each plant. The climate parameters of the region were obtained from the Iran meteorological organization (Table 1). Soil physical and chemical properties of the origin sites and field are presented in Table 2 . 
Morphological parameters studied
A total of 16 qualitative and 16 quantitative morphological traits were investigated in their natural conditions in two phenological stages; at anthesis, for flowering and vegetative characters, and at the end of the season, for seed traits. Quantitative traits, based on IPGRI (2001) were analyzed including leaf length (cm), leaf width (mm), flower number in umbel, inflorescence diameter (cm), leaf dry weight (%), bulb fresh weight (g), bulb dry weight (g·100 g -1 FW), leaf TSS (Total Soluble Solids) (%), bulb TSS (%), bulb height (mm), bulb width (mm), 100-seed weight (g), seed length (mm), seed width (mm), seed length/width ratio and seed thickness (mm) (some traits are additional information based on our experiences). 16 qualitative characteristics on inflorescence, scape, leaf and seed were assessed according to the list of descriptors given by the IPGRI (2001). 
Heritability of quantitative traits
The ANOVA of quantitative traits was analyzed and the genotype and phenotype variance, general heritability and genetic and phenotypic coefficient variability (CV) were calculated based on the mathematical expectation of treatment and error mean squares using the following equations (Falconer 1989) : 
Data analysis
Mean, minimum, maximum, variance, standard error (SE) and CV% of quantitative traits and frequency occurrence (%) of qualitative variables for each species were determined using SPSS v.21. For quantitative traits Pearson correlation was determined. In order to evaluate the information contained in the collected morphological data, principal component analysis (PCA) was carried out. Mean values per species were used to create a correlation matrix from which the standardized PCA scores were extracted and Scatter plot on the first two PCA was performed. PCA was used to identify the most important traits in the data set (Mousavizadeh et al. 2015) . Cluster analysis was performed using the Ward's methods and Euclidean distance and a dendrogram was calculated.
RESULTS AND DISCUSSION
Characteristics of accessions
The wild accessions of two Allium species studied here were collected from different elevations (1853 to 2454 asl) and different climate (cold and semi-arid, semi-arid and ultra-cold and semi-wet and cold) ( Table 1) . They grow in all slopes that modify shading and humidity conditions. They tolerate well any type of soil: the sandy-loamy to loamy-sandy with good drainage, low salinity and neuter pH. These species of Allium sprouted in Iran from late March to early May. Seeds matured from about early June to early July. In natural conditions, due to the indiscriminative harvesting of bulbs and aerial parts before seed formation, the frequency of these species is from intermediate to low with the concomitant risk of disappearance. Therefore they should be conserved in gene banks or botanical gardens. It concerns especially A. elburzense, which is a rare endangered species that only grows in Alborz Mountain.
The results of qualitative morphological measurements and descriptions and its frequency (%) are given in Tables 3 and 4 . Results showed that some of the qualitative morphological characteristics, as bulb skin color, seed coat color, leaf number and foliage attitudes were similar across the studied genotypes. However, a high level of morphological diversity concerning other traits was observed at intra-and inter species level (Table 3 & 4) . In agro-ecological conditions of field experiment, time of flowering was from late April to early June, and within this period was classified as early (A1, A2, A3, A4, A10 and A11), mediate (A5, A6, A7, A8, A9, E1 and E2) and late (E3 and E4). According to Fritsch and Abbasi (2013) , the flowering time depends on environment conditions, such as temperature and precipitation at flowering (Aryakia et al. 2016) . Morphological diversity of this trait, which was observed at intra-and interspecific levels, is also used in the evaluation of taxonomic positioning of different plants, which was important in evolutionary process responsible for reproductive diversification (Friedman & Harder 2005 (Table 3) . No strong fragrance was observed among these 15 accessions of two Allium species. In previous studies (Nogueira et al. 2001; Jurgens 2004; Aryakia et al. 2016) , inflorescence fragrance was used for taxonomic arrangement or pollination biology. Flower colors in A. akaka were white (37.4%) and pink (62.6%) in A1, white (17%) and pink (83%) in A2 and pink in other accessions of the species. Mediate (100) Mediate (100) Late (100) Late (100) Flower color Pink (100) Pink (100) Pink (100) Purple (22), Pink (78) Inflorescence fragrance Medium (66.66), Light (33.33) Medium (100) Medium (100) Medium (100) Anther color Purple (100) Purple (100) Purple (100) Purple (100 Table 5 In the A. elburzense, the flower color was pink in the accessions of E1, E2 and E3 and purple (22% and pink (78%) in E4. Variation in flower color is a common feature between and within Allium species (Fritsch and Abbasi 2013) , and in other bulbous plants (Torskangerpoll et al. 2005) . Anther color was recorded as yellow in A. akaka accessions and purple in A. elburzense accessions. It was reported that it is much less variable, but may present usable taxonomic characteristics in some cases (Fritsch & Abbasi 2013; Aryakia et al. 2016 ), but in our study, variable features of anther color were noted at inter and intraspecific level, which can be used for taxonomic classification of Allium species. Scape direction predominantly was erect in A. akaka, but in accessions of A. elburzense was erect in E1 and E2, erect and indirect in E3 and E4. Many Allium species proved to be erect in flowering stage, but in some cases, the scape remains permanently curved near the apex (Choi & Cota-Sanchez 2010) . Scape diameter in A. akaka was medium (A1 and A2), narrow (A5, A6, A7, A8, A9, A10 and A11), medium (50%) and narrow (50%) and in A3 and medium (30%) narrow (70%) in A4. In A. elburzense, the scape diameter was medium in E1, medium (82%) and narrow (18%) in E2, medium (93.4%) and narrow (6.6%) in E3, and medium (30%) and narrow (70%) in E4. Scape length was intermediate in all accessions of both species. Generally, morphological diversity in inflorescence and scape characteristics might be due to a variation in chromosome number (Gurushidze et al. 2012; Chae et al. 2014 , Aryakia et al. 2016 , natural interspecific hybrids (Gurushidze et al. 2010) , inbreeding depression and transgressive segregation (Porta et al. 2014) . In A. akaka, the foliage color was grey-green and darkgreen. The foliage color in A. elburzense was greygreen in the accessions of E1 and E2 and dark-green in E3 and E4. The degree of leaf waxiness was weak and medium in A. akaka, and weak in all the accessions of A. elburzense. The foliage cracking in accessions of A. akaka was medium, and in A. elburzense was variable in each accession (medium and strong). The shape of mature dry bulbs in all the accessions was globe and population uniformity of bulb shape was highly variable. The pictures of different parts and growth phases of A. akaka and A. elburzense are presented in Fig. 2. Taxonomic studies of Allium akaka and A. elburzense 
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Quantitative traits
We studied the quantitative morphological traits in the natural conditions and in field cultivation, calculating the mean, maximum, minimum, standard error and standard deviation (Table 5) . Analysis of variance exhibited highly significant differences (P < 0.01, P < 0.05) for all the 16 traits among the 15 accessions of two species Allium, indicating the presence of high degree of morphological variation among the accessions studied ( Table  6 ). The percent values of variance components (phenotype, genetic and environment), environmental CV (%), phenotype CV (%), genetic CV (%) and broad sense heritability (%) for various traits are presented in Table 8 . The characters that showed the greatest variation considering the phenotype CV% were leaf width, bulb height, bulb fresh weight, seed width and seed thickness, and characters with low phenotype CV(%) included inflorescence diameter, bulb dry weight, bulb TSS, leaf TSS, weight 100 seeds and seed length/width. The characters with high heritability percent included leaf length, flower number in umbel, inflorescence diameter, leaf dry weight, bulb fresh weight, leaf TSS, bulb height, bulb width, weight 100 seeds, seed length, seed length/width and seed thickness. So, these traits could be introduced as reliable ones in selection, segregation and classification of wild Allium accessions. Morphological classification provides useful guidelines to evaluate species relationships and to develop further insight for plant breeders and gene bank management (Khadivi-Khub et al. 2012 ). There were significant differences among accessions for all the evaluated quantitative morphological traits (Table 7) . Accessions A1 and A2 of A. akaka produced large leaves, bulbs and seeds (leaf length and width, bulb height and width, bulb fresh and dry weight, weight 100 seed, seed L/W, seed length, width and thickness) and had the largest flower number in umbel, inflorescence diameter and leaf TSS. The inflorescence diameter is a fascinating context involving in all levels of research with respect to phylogeny and taxonomy (MytnikEjsmont et al. 2015) , ornamental applications (De Souza et al. 2012 ) and biological aspects (Fabbro & Korner 2004; Lambrecht & Dawson 2007) . Accession A3 had high leaf dry weight, bulb fresh and dry weight, bulb width and height, weight 100 seed, seed width, seed L/W and seed thickness. The accession A4 produced large leaves and had high bulb dry weight, leaf TSS, seed L/W and seed thickness. The accessions of A7 and A8 had the highest leaf and bulb TSS among all accessions. Accessions of A9, A10, A11, E1, E2, E3 and E4 had high bulb dry weight and bulb TSS. The comparison of means showed that the accessions of A. elburzense produced smaller plants in terms of leaf length and width, bulb height and width, flower number and inflorescence diameter than A. akaka.
Correlations between traits
The bivariate correlations between 16 plant characters are shown in Table 8 . In the correlation matrix, most of the traits showed high correlation with each other, which indicate that some traits could be selected for breeding programs to save time and labors (Wang et al. 2014 ). The leaf length was positively correlated with leaf width (r = 0.556), flower number in umbel (r = 0.615) and seed length/width (r = 0.630). The flower number in umbel was correlated with inflorescence diameter (r = 0.868), bulb fresh weight (r = 0.650), bulb height (r = 0.659) and bulb width (r = 0.743). The seed thickness had positive correlation with leaf width (r = 0.525), inflorescence diameter (r = 0.537), bulb fresh weight (r = 0.575), bulb height (r = 0.556), weight 100 seeds (r = 0.939), seed length (r = 0.969), seed width (r = 0.896) and seed length/width (r = 0.532). Pavlovic et al. (2007) investigated the phenotypic correlations of some onion (Allium cepa L.) bulb traits and reported a high correlation between dry matter with bulb TSS (r = 0.93) and total mineral content (r = 0.74). Wang et al. (2014) investigated the Pearson correlation of some qualitative traits of 375 garlic accessions and reported that bulb yield was found to be strongly positively correlated (r = 0.99) with bulb weight and bulb diameter (r = 0.71).
Principal component analysis
In order to assess the patterns of variation, principal component analysis (PCA) was conducted by simultaneously considering all the 16 variables. The first six principal components (PCs) with eigenvalue above 0.5 explained 92.52% of the variability amongst the 15 accessions under study (Table 9 ). Table 5 PC1 accounted for 48.12% of the total morphological variation for the traits. PC1 includes flower number in umbel, inflorescence diameter, bulb fresh weight, bulb height and width as the traits with the largest coefficients, all with positive sign. The traits of bulb and leaf TSS had low values for PC1, while the traits related to seed morphology exhibited moderate to high positive weight on PC1. PC2 accounted for 16.62% of the variance and was more related to the seed morphological traits, which contributed with high coefficients except for seed length/width ratio. The characters with greatest positive weight on PC3 (accounted 11.35%) were leaf length, leaf width and seed length/width ratio. PC3 seems to be more related to yield contributing traits. PC4 accounted for 7.14% of the variance and had positive amount for dry weight leaf and bulb. All the traits related to leaf size, flower and bulb TSS and leaf TSS had negative values for PC4. Wang et al. (2014) evaluated the morphological diversity of 212 accessions of A. sativum L. in China and reported that the principal component analysis of 21 quantitative traits revealed eight principal components with eigenvalue above 1 and explained 71.35 % of total morphological variation. The aim of PCA is to determine the number of main factors that could be extracted to reduce the number of effective parameters to discriminate genotypes. In addition, associations between traits emphasized by this method may correspond to genetic linkage between loci controlling traits or to a pleiotropic effect (Iezzoni & Pritts 1991; Rakonjac et al. 2010) . Morphological characterization is the first step for the description and classification of germplasm and statistical methods like PCA are useful tools for screening the accessions in a collection (Mousavizadeh et al. 2015) . 
Cluster analysis
The relationship among the 15 accessions of Allium based on genetic distance values was determined by cluster analysis using Ward's methods (Table 10, Fig. 3 ). According to the dendrogram, the 15 accessions could be classified into three clusters. Cluster A with 10 accessions, 9 of A. akaka and 1 of A. elburzense are characterized by LDW, LTSS, BTSS and seed length/width ratio higher then cluster C, in which are also accessions of A. akaka. In the cluster B, there are three accessions of A. elburzense that are characterized by lower means of most traits with the exceptions for LDW, BDW, and BTSS. The two accessions of A. akaka are placed in cluster C, which grouped plants with highest means of most traits except LDW, BDW, LTSS and (Table  10) . Compared with the other clusters, the C cluster possesses the accessions with the largest leaves and bulbs that constitute potential to select high yield candidate plants. As observed, the accessions of A. elburzense of the section Asteroprason, were placed, except E1, in the same cluster, which confirms separation the species belong to different sections. So, the two studied species of Allium are well separated by morphological quantitative traits based on clustering. Based on proximity matrix, the two studied here Allium species are placed at Euclidean distance of 34.5 (Table 11 ). 
Scatter plot
The 15 accessions of two Allium species were clustered into five groups using the PCA1 and PCA2 scores (Fig. 4) . It did not support the results of the cluster analysis; since accessions were mostly distributed in value of 0 to 1 of PC1, except the accession A9. The A group included five accessions of A. akaka (A3, A4, A6, A10 and A11) with fewer flower number in umbel and larger bulbs than total mean. Three accessions of A. elburzense (E1, E2 and E3) are accounted for B group, which includes accessions with smaller leaves, flower number in umbel, bulb fresh weight, bulb width and bulb height, and with seed width greater than mean of all accessions. In the C group, there were three accessions of A. akaka (A1, A2 and A5) and one accession of A. elburzense (E4) with larger leaves, flower number in umbel, bulb fresh weight, bulb width and traits related to the seed size. In the D group, there was accession of A. akaka (A9) with smaller leaf length, bulb dry and fresh weight, bulb size and seed size. There were two accessions of A. elburzense (A7 and A8) in the E group with larger leaf length, flower number in umbel, bulb and leaf TSS, bulb height, and with smaller leaf width, bulb fresh and dry weight, bulb width and seed size than the mean of all accessions. The accessions collected in near provinces did not gather into the same group, revealing that the morphological traits of accessions are variable among different locations within the close provinces.
The diversity of accessions within the geographical region might be due to the heterogeneity and genetic architecture of accessions and developmental traits (Singh 1991 ) that has been reported in different crop species (Alemayehu & Becker 2002; Singh et al. 2004 , Bhargava et al. 2007 ). The accessions of a particular cluster having desirable genes for a specific trait can be hybridized with the other accessions of different clusters, which may facilitate to accumulate favorable genes in hybrids. The hybrids thus obtained may be fixed by selecting transgressive segregants, followed by recurrent selections in advanced generations, which may lead to the development of high yielding varieties with desirable components.
CONCLUSION
In this study, the accessions of A. akaka and A. elburzense were evaluated. The results of evaluation of morphological diversity revealed that an enormous amount of variability exist in the studied Allium accessions growing naturally in Iran. Cluster analysis grouped the accessions of greater similarity but the clusters did not include only accessions from the same species, indicating heterogeneity of accessions within a given geographical region. Multivariate analysis of 16 traits showed that most of the variations were accounted by the first six PCs. The main traits that accounted for more variability in both PC1 and PC2 include flower number in umbel, inflorescence diameter, bulb fresh weight, bulb height, bulb width, seed length, seed width and seed thickness. Thus, these traits are important in distinguishing the material under study. A wide range of diversity at the intra-and interspecific level of wild accessions of A. akaka and A. elburzense is important for the study of phylogeny and taxonomic arrangement, evolution and ecology and breeding programs.
